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0(57) Abstract: A furan polymer impregnated wood which is uniform in colour and density throughout the treated zone. In order 
to obtain the polymer impregnated wood, a parent wood has been impregnated with a mixture containing polymerizable organic 
^ compounds of at least furfuryl alcohol and one further compound. The invention also relates to a method for preparing a furan 
^ polymer impregnated wood and uses thereof. 
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FURAN POLYMER IMPREGNATED WOOD, METHOD FOR PREPARING 
THE POLYMER AND USES THEREOF 

The invention described herein relates to a furan polymer impregnated wood which 
is uniform in colour and density throughout the treated zone. In order to obtain the 
polymer impregnated wood, a parent wood has been impregnated with a mixture 
containing polymerizable organic compounds of at least furfiiryl alcohol and one 
further compound. The invention also relates to a method for preparing a furan 
polymer impregnated wood and uses thereof. 

BACKGROUND OF THE INVENTION 

Previous art for making a fiiran polymer impregnated wood by impregnating wood 
with a furfiiryl alcohol s olution and then polym erizing the furfuryl alcohol inside 
the wood, producing adark bro^ta wood polymer composite m treated zones, have 
been performed in different ways, as disclosed hereinafter. 

1 . Initiators 

15 In the oldest method, initiators were water-soluble salts, particularly zinc chloride. 
The salt was dissolved in water and then the solution was added to' the furfuryl 
alcohol. Salt weight was approximately 5% of furfuryl alcohol weight. This 
mixture was then impregnated into wood and polymerized using heat. As 
impregnation took place, the water and salt was retained by the wood near the 
20 surface. Furfuryl alcohol reaching .deeper into the wood was therefore depleted of 
initiator and did not cure well. Therefore, this method was restricted to short or 
thin pieces of wood. • \. ■ 

A newer method used a two-stage process. First, a zinc chloride solution in water 
was made. This was impregnated into wood and the wood dried. The amount of 
25 dried salt was approximately 5% of the calculated amount of furfuryl alcohol 

which would be impregnated in the following step. Next the wood was impregnated 
with furfuryl alcohol. It was then cured using heat. A uniform material was formed 
by this method, but it requirea z impregnation and drying stages. 

2. Size of material > 

30 For the older method, thin sections and short lengths of wood were required for the 
reasons mentioned above. Lumber-sized material had strong colour and density 
gradients when so treated, with the darker and denser material near the surfaces of 
the treated wood. In the well-treated zones near surfaces (or in small pieces), 
treated densities were in the range of 0,9 g/cc to 1,15 g/cc, while in the interior, the 

35 density approached that of the parent wood, and uncured furfuryl alcohol was 
• usually present. 

The newer method was not size-restricted like the older one, but the method took a 
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great deal longer since drying in the first stage required care to prevent splitting 
and warping. 

3. Colour of material 

Because of the gradients using the older method mentioned above, colour of the 
material varied with depth from surfaces. Machining or sanding therefore exposed 
material of lighter colour, with the colour varying with distance from the surface. 
The newer method had excellent colour throughout. 

SUMMARY OF THE INVENTION 

One of the main objects of the invention is to provide a furan polymer impregnated 
wood by using at least two chemicals in order to obtain an uniform impregnating 
solution 



Another object of the invention is to provide a uniform distribution of the 
chemicals in the furan polymer impregnated wood which is uniform in colour and 
density throughout the treated zone, giving an even, dark colour. This is obtained 
15 by one impregnation step. . 

Still another object of the invention is to provide a furan polymer impregnated 
wood having improved properties as regards dimensional stability, rot resistance, 
i.a. 



According to the present invention, the foregoing and other objects are attained by 
a product, method and uses thereof as disclosed in the patent claims. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



In one embodiment of this invention, there is provided a furan polymer 
impregnated wood, characterized by wood impregnated with polymerizable furfural 
alcohol monomer solution containing at least furfuryl alcohol and one further 
25 compound selected from maleic anhydride, phtalic anhydride, maleic acid, malic 
acid, phtalic acid, and combinations thereof. 

In another embodiment of this invention, there is provided a method for preparing 
a furan polymer impregnated wood, characterized in that the wood is impregnated 
by one impregnation step with polymerizable furfural alcohol monomer solution 
30 containing at least furfuryl alcohol and one further compound selected from the < 
group consisting of anhydrides, acids and combinations thereof, followed by a 
curing step. 

The keys to the invention are the use of one or more chemicals acting as new 
initiators. These initiators have similar affinity for wood as furfuryl alcohol and 
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therefore enter the wood and remain in solution as deeply as it penetrates. 
Wherever the solution penetrates, it is polymerizable. The initiators are selected 
from any anhydride-containg compound as well as acids selected from the group of 
maleic acid, malic acid, phthalic acid, and stearic acid. However, preferably a 
compound selected from maleic anhydride, phthalic anhydride and combinations 
thereof is used. More preferably, maleic anhydride or phthalic anhydride or a 
combination thereof is used, most preferably maleic anhydride or phthalic 
anhydride. To make a treating solution, at least one of these initiators, preferably 
one of these initiators only, is dissolved directly in furfuryl alcohol, forming a 
10 solution which has several months useful life at room temperature. The 

concentration ranges from about 5% to about 20% based on the weight of furfuryl 
alcohol. The lower concentrations have longer storage life and cure more slowly 
when heated. The higher concentrations are used when quicker cures are needed, 
when Iower-than-nonnal cure temperatures are required or when using woods 
15 which contain inhibitors to polymerization. 

Impregnation of the wood- by the initiated treating solution is carried out using a 
full-cell process, which uses an initial vacuum followed by super-atmospheric 
pressure which ranges from about 1 to about 20 atmospheres. Initial vacuum can be 
in the range of from about 5 min. to about 30 min. or more, and super-atmospheric 
20 pressure can be in the range of from about 20 min. to about 1 h or more. 

Curing is carried out usin g heat delivered by hot air, steam, hot oil, or high 
frequency heating. The heat activates the initiators and starts polymerization. Usual 
curing temperature can be in the range of from about 70 to about 140°C. Curing 
requires either some time at about 90°C followed by some time at about 140°C, or 
25 just some time at about 140 °C. Times will vary with the size of material and type 
of oven. The time of curing can be in the range of from about X A h to about 12 h, in 
particular from about 54 h to about 6 h. The time is not critical nor is the. lower 
temperature. But the higher temperature step is novel and is critical in order to 
obtain a product of good quality. When using hot air, the curing temperature is 
30 about 90 °C. The material is placed in the heated environment. When it reaches 
about 90 °C, an exothermic polymerization reaction begins. The further heat 
generated by the reaction accelerates curing, which is completed in a few minutes. 
Then the temperature is raised to about 140 °C for about one hour to drive off 
reaction products and uncured monomer(s). The high-temperature finishing stage 
35 after curing is a key part of the invention. Alternatively, a temperature giving burns 
to the woody material can be used as the maximum temperature (the burn 
temperature). When an atmosphere of air is used, oxygen will more easily give 
burns. In order to avoid this problem, an atmosphere free of oxygen should be 
used. 
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The starting material is a woody material, usually lumber, which includes plank 
(thick lumber), but can also be wood composites such as oriented strand board and 
particle board. Woody materials of any dimensions can be utilized, preferably large 
dimensions, wherein the maxiumum dimension of the length of the finished 
5 material is 100 m, the maximum dimension of the diameter of the finished material 
is 7 m, an the maximum dimension of the cross section of said finished material is 
40 m 2 . Usually, lumber (plank) is a maximum of 50 mm thick. However, the length 
is more important since the treating solution travels very fast along the length but 
very slow across the cross-section. With permeable woods like beech and birch, the 

10 uniformity of treatment is determined by how well the treating solution remains 
uniform as it travels along the length. When impregnation is complete, the woody 
material formed by this method has uniform properties throughout. Colour, 
resistance to moisture and deterioration and mechanical properties are consistent 
throughout. The properties and colour of individual pieces of lumber treated this 

15 way depend upon the loading of polymer achieved. Different species of wood, and 
even different boards of the same species, may impregnate differently. Those 
boards which accept more polymer have a darker colour and greater hardness. 
However, resistance to moisture and deterioration are little affected by loading. 

Moisture content of the woody material can be in the range of up to about 30%, in 
20 particular more than about 15%, but can also be lower than 15%. However, the 
moisture content of the woody material is not critical. 

Woody material, including cheap types and scrap material, can be used to produce 
noble wood products such as imitation teak, mahogany, rattan and others, and also 
provide them with novel properties like water resistance and simpler and reduced 
25 maintenance requirements. 

While specific compositions, methods and uses are referred to herein, it is to be 
understood that such specific recitals are not to be considered limiting but are 
included by way of illustration and to set forth the best mode in accordance with 
the present invention. 

30 EXAMPLE 

Boards of three hardwood species approximately 1 m long and 12 mm thick were 
bundled together and vacuum-pressure impregnated using a treating solution 
containing 5% maleic anhydride and 95% furfuryl alcohol. Curing was done in a 
hot-air oven at 95 °C for 2 h followed by 3 h at 140 °C. At each stage of treating, 
35 each bundle was weighed. At the end, the conversion of monomer to polymer was 
calculated, knowing the reaction products lost. Some boards were cut apart after 
treating and their uniformity of treatment evaluated using colour change. 
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The treating data is given in the table below, wherein wood type 1 is beech, wood 
type 2 is maple and wood type 3 is birch. 



a 


b 


c 


d 


e 


f 


g 


h 


6 % MC 


Calc. OD 


6 % MC 


OD 


Monom. 


Polym. 


Polym. 


Deni 


untreated 


kg 


treated kg 


cured 


% 


% 


conv. 


g/cc 


kg 






kg 






% 




1 30.00 


28.30 


54.24 


48.94 


92 


73 


98 


1.12 


2 30.90 


29.15 


56.30 ' 


49.10 


93 


68 


90 


1.04 


3 25.36 


23.92 


50.78 


43.22 


112 


81 


88 


0.99 


wherein 

















a) Is weight as received at 6% moisture content (MC) 
5 b) Is the calculated ovendry (0% MC) weight 

c) Is the recorded weight after impregnation (which still includes the moisture) 

d) Weight after curing, with moisture also gone because of heating 

e) Percent monomer in wood (from c) based on calculated OD weight 

f) Percent polymer in wood (from d) based on calculated OD weight 

10 g) The percent of the monomer which was converted into polymer during curing 
h) Is the final, cured density 

Maple and birch behaved similarly to one another. They impregnated quite well, 
but surfaces treated slightly better than interiors which were lighter brown. They 
had slightly lower uptake, densities and conversion efficiencies than beech. Beech 
15 had the highest uptake and conversion and density, and was uniformly treated ' 
throughout. It was the best species used. It had uniform, dark colour throughout 
when cut. 

The new impregnation formula and curing schedule produced uniform wood 
polymer composite using beech, and quite uniform material using maple and birch. 

20 It will be apparent to those skilled in the art that various modifications and 
variations can be made in the compositions, methods and uses of the present 
invention without departing from the spirit of scope of the invention. Thus, it is 
intended that the present invention cover modifications and variations of this 
invention provided they come within the scope of the appended claims and their 

25 equivalents. 
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PATENT CLAIMS 

1 . A furan polymer impregnated wood, characterized by wood impregnated 
with polymerizable furfural alcohol monomer solution containing at least furfuryl 
alcohol and one further compound selected from maleic anhydride, phtalic 

5 anhydride, maleic acid, malic acid, phtalic acid, and combinations thereof. 

2. The furan polymer impregnated wood of claim 1, characterized in that said 
one further compound is maleic anhydride. 

3. The furan polymer impregnated wood of claim 1, characterized in that said 
one further compound is phthalic anhydride. 

10 4. The furan polymer impregnated wood of claim 1, characterized in that. said 
one further compound is maleic acid'. 

5. The furan polymer impregnated wood of claim 1, characterized in that said 
one further compound is malic acid. 

6. The furan polymer impregnated wood of claim 1, characterized in that said 
15 one further compound is phtalic acid. 

7. The furan polymer impregnated wood of any of the preceding claims, 
characterized in that said one further compound is dissolved directly in furfuryl 
alcohol in order to make a treating solution. 

8. The furan polymer impregnated wood of claim 7, characterized in that the 
20 concentration of said one further compound in said treating solution is from about 

5% to about 20% based on the weight of furfuryl alcohol. 

9. A method for preparing a furan polymer impregnated wood, characterized in 
that the wood is impregnated by one impregnation step with polymerizable furfural 
alcohol monomer solution containing at least furfuryl alcohol and one further 

25 compound selected from the group consisting of anhydrides, acids and " 
combinations thereof, followed by a curing step. 

10. The method of claim 9, characterized in that said curing is performed by use 
of a temperature in the range of from about 70 to about 140°C. 

1 1 . The method of claim 10, characterized in that said curing requires either 
30 between 10 min. to 2 h at about 90°C followed by 15 min. to 4 h at about 140°C, 

or just between 15 min. to 4 h at about 140 °C, depending on size of material and 
type of oven used. 
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12. Use of a furan polymer impregnated wood as prepared according to claims 9 
to 1 1, as knife handles, kitchenware (spoons, forks, cutting boards, bowls), 
furniture, indoor flooring, countertops,. building parts (facia, cornice, siding, sills, 
frames), boat parts (rails, flooring, deck trim, deck flooring, furniture, fittings), 
marine items (docks, piers, lobster traps), out-door furniture, gunstocks and pistol 
grips, musical instrument parts (piano keys, violin and guitar fingerboards and 
bridges), cooling tower slats, outdoor walkways, containers (tanks for caustics or 
corrosives), machine parts (conveyor slats, saw guides, saw and planer table tops). 



